Abstract. We review the results on the XYZ states from the Belle experiment, including the measurement of inclusive hadronic cross sections and exclusive cross sections in e + e − annihilation and the Z b states in the bottomonium energy region; and the study of the Y states and the Z c states in charmonium energy region.
INTRODUCTION
Many charmonium and charmonium-like states were discovered at B-factories in the first decade of the 21st century followed by similar discoveries in the bottomonium and bottomniumlike states [1] . Whereas some of these are good quarkonium candidates, as predicted in different models, many states have exotic properties, which may indicate that exotic states, such as multi-quark, molecule, hybrid, or hadron-quarkonium, have been observed [2] . In such studies, the Belle experiment [3] at the KEKB asymmetric-energy e + e − collider (3.5 GeV e + and 8.0 GeV e − ) [4] played a leading role.
The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector, a 50-layer central drift chamber, an array of aerogel threshold Cherenkov counters, a barrel-like arrangement of timeof-light scintillation counters, and an electromagnetic calorimeter comprised of CsI(Tl) crystals located inside a super-conducting solenoid coil that provides a 1.5T magnetic field. An iron flux return located outside of the coil is instrumented to detect K 0 L mesons and to identify muons. Belle experiment accumulated 1014 fb −1 data at different Υ peaks and at the continuum energies nearby. The main data samples are summarized in Table 1 . , where the denominator is the Born cross section of e + e − → µ + µ − . In this analysis [5], we select hadronic events and subtract the non-bb background and initial state radiation (ISR) produced narrow bottomonium states, then do efficiency correction. The resulting R b and the fit with Υ(5S ) and Υ(6S ) are shown in Fig. 1(left) . From the fit to R b , we find M 10860 = (10881.8
+1.9 −1.8 
The cross sections of e + e − → π + π − Υ(nS ) (n = 1, 2, 3) at Υ(5S ) peak and 22 energy points between 10.63 and 11.02 GeV with approximately 1 fb −1 each are measured. 
, and π + π − Υ(3S ) final states, respectively. We performed a full amplitude analysis of three-body e + e − → π + π − Υ(nS ) transitions and determined the relative fractions of various quasi-two-body components of the three-body amplitudes as well as the spin and parity of the two observed Z b states. The favored quantum numbers are J P = 1 + for both Z b (10610) and Z b (10650) states while the alternative J P = 1 − and J P = 2 ± combinations are rejected at confidence levels exceeding 6 standard deviations.
Results of the amplitude analysis are summarized in Table 2 , where fractions of individual quasi-two-body modes, masses and widths of the two Z b states, the relative phase, φ Z , between the two Z b amplitudes and fraction c Z 10610 /c Z 10650 of their amplitudes are given. Parameter
30.0 ± 6.3
10608.5 ± 3.4
10607.4 ± 1.5
20.8 ± 2.5
18.7 ± 3.4 
4.09 ± 1.0
44.0 ± 6.2
We measure e + e − → π + π − h b (nP) (n =1, 2) with on-resonance Υ(5S ) data of 121.4 fb −1 taken in three closely spaced energy points near 10.866 GeV, and energy scan data in the range from about 10.77 to 11.02 GeV taken at 19 points of about 1 fb −1 each.
The processes e + e − → π + π − h b (nP) are reconstructed inclusively using the missing mass of The resulting cross sections are shown in Fig. 2 . We perform a simultaneous fit to the energy dependence of the
The fit function is a coherent sum of two Breit-Wigner (BW) amplitudes and (optionally) a constant with an energy continuum contribution: We find that the significance of the non-resonant continuum contribution is 1.5σ only. Thus the default fit function does not include the continuum contribution. The fit results for the default model are given in Table 3 . 
The cross section for e + e − → π + π − J/ψ between 3.8 and 5.5 GeV is measured with a 967 fb −1 data sample collected by the Belle detector at or near the Υ(nS ) (n = 1, 2, ..., 5) resonances [8] . Figure 4(a) shows the π + π − ℓ + ℓ − invariant mass distributions after all of these selection requirements are applied and Fig. 4(b) ) with a mass of (3894.5 ± 6.6 ± 4.5) MeV/c 2 and a width of (63 ± 24 ± 26) MeV is observed in the π ± J/ψ mass spectrum (see Fig. 5 ) with a statistical significance larger than 5.2σ.
BESIII experiment studied the process e + e − → π + π − J/ψ at a CM energy of 4.260 GeV using a 525 pb −1 data sample [11] . The Z c (3900) is observed in the π ± J/ψ mass spectrum with a statistical significance larger than 8σ. A fit to Figure 7 shows Y(4360) decays. An unbinned maximum-likelihood fit is performed on the distribution of M max (π ± ψ(2S )), the maximum of M(π + ψ(2S )) and M(π − ψ(2S )), simultaneously with both the π + π − J/ψ and the µ + µ − modes. We obtain a mass of (4054 ± 3(stat.) ± 1(syst.)) MeV/c 2 and a width of (45 ± 11(stat.) ± 6(syst.)) MeV for the Z ± structure in the π ± ψ(2S ) system, and the statistical significance of the signal is 3.5σ. The Y(4660) sample is very limited in statistics, and there is no significant structures in the π ± ψ(2S ) system.
The cross section of the process e + e − → K + K − J/ψ are measured via ISR at CM energies between the threshold and 6.0 GeV using a data sample of 980 fb clear structure is observed in the K ± J/ψ system. A larger data sample is necessary to obtain more information about possible structures in the
SUMMARY
There are lots of progress on the study of the quarkonium and quarkoniumlike states at Belle. [ FIGURE 8. The measured e + e − → K + K − J/ψ cross sections for CM energies up to 6.0 GeV (points with error bars). The errors are statistical and a 7.8% systematic error that is common for all data points is not included.
